Tooth mineralization progresses in an invariant sequence, from crown tips through completion of the cementoenamel junction, and then through root formation, ending with closure of the root apices around the tooth's neurovascular bundles (e.g., Slavkin, 1974; Corliss, 1976) . Moreover, the rate at which these processes of dentinogenesis and amelogenesis progress are well-regulated (e.g., Pelsmaekers et al., 1997; Parner et al., 2002; Merwin and Harris, 1998) . Tooth formation is better buffered than bone formation (Greulich and Pyle, 1959; Garn et al., 1965) , even though it can be modified by the environment (e.g., Toverud, 1957; Berkey et al., 2000; Alvarez et al., 1988; Alvarez, 1995) . Tooth formation is perhaps the least-biased tissue by which to estimate the biological age of a child (Demirjian, 1986; Harris, 1998) . This often is done clinically using radiographs (e.g., Liversidge, 2010) though direct examination can be used for archeological and forensic specimens (Johanson, 1971; Owsley and Jantz, 1983) .
Tooth formation can be measured on a continuous scale as the mineralized portion lengthens (e.g., Liversidge and Molleson, 2004; Cardoso, 2009 ), but because this is timeintensive, and because of the morphological complexity of the tooth's three dimensions, it generally is preferable to use visual criteria to determine the grade of development. Grades are arbitrarily devised, with the intent of differentiating as many stages as possible (so finer distinctions can be made), but not so many that the observer cannot distinguish accurately between them. The two commonly used grading schemes are by Moorrees, Fanning and Hunt (1963) with 14 stages and by Demirjian, Tanner and Goldstein (1973) with 8 stages, though many other schemes have been developed (e.g., Nolla, 1960; Liliequist and Lundbert, 1971; Haavikko, 1973) . The Moorrees scheme is popular but has been criticized because it requires the scorer to estimate final size (e.g., root ½ formed, etc.). The Demirjian system, in contrast, uses only observable criteria and now is perhaps the method of choice though, with only 8 grades, it lacks the potentially finer discrimination of Moorrees' 14 stages.
A pertinent question is how to develop normative standards from the data regardless of the grading scheme, and, more specifically, what sort of data have been collected. That is, are the data from a longitudinal growth study where the same children are examined periodically, or are the data from a cross-sectional study where the children are only examined once? These two sources traditionally been used to create different kinds of data that estimate different features of the growth process. The purpose of this paper is to discuss the two kinds of estimates (Smith (1991) describes others) and give an example of the practical differences.
Longitudinal Studies
There have only been a handful of studies where children-generally healthy and financially well-off-have been studied longitudinally, with multiple sorts of data collected at fixed intervals, generally 6 months or a year. Data have consisted of anthropometrics, x-rays, dental casts, and various sorts of intellectual tests. Well-known examples are the Bolton-Brush study in Cleveland, Ohio (Behrents and Broadbent, 1984) , the Denver Child Growth Study, Colorado (McCammon, 1970) , the Burlington growth study, a suburb of Toronto, Ontario (Thompson and Popovich, 1977) , and the University School Growth Study from the University of Michigan, Ann Arbor (Riolo ABSTRACT The extent of tooth mineralization affords a practical method for assessing an individual's biological age. Dental age is useful for evaluating a child's growth status, and for assessing the ages of subjects in anthropological, forensic, and medicolegal settings. Historically, some data have been collected from serial studies (e.g., Stuart's Harvard Study, and the Burlington Study) while most studies are cross-sectional, where each child is examined just once. Serial and cross-sectional studies traditionally have been used to estimate different sorts of information, namely the onset at a stage and the average age in a stage, respectively. This paper discusses the differences of the analyses, and then presents an empirical comparison of two large sets of data on the lower third molar in American whites, showing how the conventional uses of serial data-that estimate the onset of an event-precede the age of occurrence derived from cross-sectional data (age at stage). Inter-group differences for tooth stages can exceed one year, so it is important to recognize the nature of the 'standards' available in the literature. Dental Anthropology 2011;24(2): 59-63. et al., 1974; Moyers et al., 1976) , though there are others (e.g., Jones and Bayley, 1941; Sanin and Savara, 1973) . The complexity, commitment of money and manpower, and participant cooperation in such studies are enormous, and they are not likely to be repeated.
With longitudinal studies, each child is examined periodically, and the interest has been on identifying the onset of an event. Arbritrarily, consider Moorrees' stage 6 of crown completion (coded Cr c ) for the upper second molar. Each child's successive films are studied until that tooth exhibits Cr c (Fig. 1) . For example, examining a child, Cr c had not been achieved at time n (t n ), but it is present at t n+1 . The actual event occurred sometime between t n and t n+1 , and the convention is to set the event at the midpoint between the two examinations, which is: t n +(t n+1 -t n )/2 It is unlikely that the achievement of Cr c occurred exactly at t n+1 , and the midpoint between examinations is the best guess of when the true event occurred (Dahlberg and Menegaz-Bock, 1958 ). The point is that this method estimates the onset of the event. In this case, at what chronological age does Cr c for the upper second molar occur in the sample under study? Onset cannot be determined from cross-sectional data (what Davenport (1931) termed "mass data"), but it can be approximated from the very low centiles of the age-at-occurrence.
Cross-Sectional Studies
Most studies do not have the luxury of following the same children over a span of time. In a typical anthropological setting, researchers examine subjects only once. It also is common to collect clinical records from a cohort of children where only one x-ray per child is available (e.g., Harris and McKee, 1990; Liversidge, 2010; Tunc and Koyuturk, 2008) . Consider stage Cr c for UM2 again. Perusal of a group of children will show that A) some have not yet attained this stage, B) some do exhibit the stage, and C) some have matured beyond this stage into a later stage (or completed formation). Plotting the data by chronological age (Fig. 1) shows a density plot that generally has a normal (Gaussian) distribution: a few younger children (early maturers) will exhibit the stage, the stage commonly occurs along a certain age span, and a few, older children still retain this stage (slow maturers). This is a distribution of when-in this sample-Cr c is extant; Smith (1991) terms this "age of subjects in a stage." It is the average age when this stage of this tooth occurs in the sample. This statistic is not the same as the initiation of the stage as garnered from serial data. Parenthetically, information for the age of occurrence can be gotten from serial data, but it seldom is, and there is a statistical problem scoring the same person multiple times.
Given these two kinds of data, how much difference does it make? Is this an important distinction, or can it be ignored as a statistical nicety? It ought to make a pretty obvious difference.
MATERIALS AND METHODS
The best known and one of the most popular 'standards' of tooth formation are those of Moorrees, Fanning and Hunt (1963; Harris and Buck, 2002) . This study combined data from jaw x-rays of children from A) Harold C Stuart's Longitudinal Study of Child Growth and Development (Stuart et al., 1939; Stuart and Reed, 1959) and B) older children from the Fels Longitudinal Study (Yellow Springs, Ohio; Roche, 1992) . The onset of World War II forced termination of the Stuart study because most of the medical personnel entered the Armed Forces, so Moorrees et al. collected their data on older children from the Fels Study. The x-rays were an oblique view of the jaws since the work predates the invention of panoramic x-ray machines (Graber, 1967) .
Edward Hunt, the statistician on the project, used probit analysis to analyze the data (e.g., Finney, 1971 ). This required plotting chronological age against the cumulative percentage of the children attaining the grade in question. In the early 1960s, this generally was determined visually Fig. 1 . Schematic showing the age distribution of when children exhibit a given stage of tooth formation. The probability density plot generally is normally distributed, ranging from early-maturing children at the younger ages up to the average age, and then tapering down to the slower-maturing children who are the last to exhibit the grade before maturing into the next grade. The median age-at-occurrence is the vertical dashed line. Serial studies can be used to estimate the onset of a grade (the distribution to the left of the diagram), but onset and median occurrence are quite different events. The hypothesized distribution of one stage is shown. The curve for onset is drawn smaller, but its age range can rival that of the age-at-occurrence, depending on the variability of dental ages in the sample. Intra-individual variability is considerable, so when the average child's tooth is at one stage, slow maturing children of the same chronological age will have stayed in a prior stage, and fast maturing children will be in a more advanced stage. from the graphed data. Unfortunately, how Moorrees' group actually performed the calculations is only described superficially. The data are provided separately by sex since Garn et al. (1958) , among others, had documented sexual dimorphism in mineralization, which parallels that of tooth emergence (Cattell, 1928) . Moorrees et al. (1963) chose to present their data graphically, so the actual values have to be interpolated from the diagrams (Harris and Buck, 2002 ).
The recent cohort described here consists of a crosssectional study of adolescents and young adults collected by the author who were phenotypically normal and were routine dental patients receiving treatment at the College of Dentistry, University of Tennessee, Memphis. Sample size was 1,870 (1,070 ♂, 800 ♀). These data were analyzed using survival analysis (Cox and Oakes, 1984; Allison, 1995) to obtain the medians and standard errors for each of Moorrees' 14 stages by sex. These statistics are the average ages in a stage, not the onset of the stage.
RESULTS
The Moorrees standards, published in 1963, were based on children largely from the 1930s, so it is anticipated that more recent children (i.e., the Harris data)-with better nutrition (CDC, 1999) and lessened morbidity-would be growing at faster tempos. Figure 2 shows the plots separately for boys and girls. The striking result is that the earlier, Moorrees group consistently formed their M3s faster from childhood (around 10 years of age) through completion of the root apices in the early 20s. The obvious question is why the results are so different? The mean difference is 1.6 years for boys and 1.4 years for girls. The facile (and incorrect) explanation is that these Mid-South children grew (and mineralized their LM3) much more slowly.
As alluded to, the main reason for the difference is that two different sorts of data are being compared, namely Fig. 2 . Plots of the chronolological ages at each of Moorrees' 14 stages for the mandibular third molar as estimated by Moorrees et al. (1963) and from Mid-South whites (this study). The means differ by more than a year on average, and the apparent but incorrect interpretation is that the Moorrees sample developed faster. The real reason is that two different events are estimated; the Moorres values are for the onset of the grade, while the Harris estimates are for the average occurrence of the grade, which occur later.
the onset of a stage (Moorrees) versus the average at which the stage occurs (Harris) , which is Smith's "age of subjects in a stage." Of course, the onset predates the average occurrence, and the span of time for occurrence is greater than the onset. False interpretations stem from confusing these different events.
DISCUSSION
There is a long-term interest in how children grow, and, specifically, how the dentition forms (Krogman 1968; Demirjian (1986) . Anthropologically, it is of interest whether some groups have a faster tempo of growth than others (perhaps the difference is adaptive). One wellknown example is between blacks and whites. Using tooth eruption (gingival emergence), Suk (1919) was probably the first to show that sub-Saharan blacks grow faster than whites (sometimes strikingly so, see Swinburne, 2005) . Boas (1933) disseminated Suk's findings in the literature. Independently, Steggerda and Hill (1942) showed that eruption occurred earlier in American blacks than whites, and this difference has been confirmed and elaborated on by Garn and coworkers (Garn et al., 1972 (Garn et al., , 1973 . Since tooth emergence is tied to the degree of tooth formation (Grøn, 1962) , it follows that the two processes show the same ethnic differences. It seems most useful for such comparisons to use the median age-at-occurrence. This answers the question of whether the average-growing child from one group has a different rate of maturation than in a different group.
Clinically, a common use of dental age is to assess whether a child is growing at the "normal" rate: Is his/ her degree of tooth formation consistent with the child's chronological age? This is the basis of numerous studies of children with growth problems.
Since Moorrees' published standards (1963) are commonly cited and commonly available (the Journal of Dental Research is an open-access journal), researchers are prone to use these 'standards' to evaluate the status of children of interest. Since onset of a stage necessarily predates average occurrence of a stage (Smith, 1991) , a child's degree of dental delay will be exaggerated when the Moorrees ages at onset are used, and, if the child' dental age is above-normal (Midtbø and Halse, 1992; Hass et al., 2001) , dental age will be under-estimated when using these 'standards' because the comparison is between different events.
In sum, dental age is a practical method of gauging a child's degree of maturity. Because teeth form over a broad span of time-from the second trimester in utero through the onset of adulthood (Lunt and Law, 1974; McGettigan et al., 2011) -and all children can be assessed using the same criteria, the method is broadly applicable. However, it behooves the researcher to understand how the normative standards being used were obtained so proper comparisons can be made.
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